for acute diarrhea in children are unknown. Even if bacteria are not the main pathogens of acute gastroenteritis in children, bacterial infection results in high morbidity and mortality if not treated early. The aims of this study were to explore the possible etiologies of acute gastroenteritis in hospitalized children. In addition, the clinical features of viral and bacterial gastroenteritis are outlined in order to provide clues for physicians to make a tentative diagnosis early and to begin treatments promptly.
Materials and Methods

D Definitions
A An episode of diarrhea was defined as passage of loose stools occurring three or more times within 24 hours, and excluded noninfectious causes. Children with diarrhea of more than 10 days' duration were also excluded. Dehydration was estimated by using a clinical assessment described by Narchi et al. 15 Severity of illness was assessed by a modification Dennehy et al's method, which w was based on the severity of diarrhea, vomiting, associated fever and dehydration (Table 1) . 16 
Sample collections
From October 2003 to September 2004, children aged from birth to 15 years admitted to the pediatric ward at National Taiwan University Hospital w were prospectively surveyed. A stool sample was collected within 48 hours after admission from children whose diarrhea conformed to the study definition. All stool samples were frozen and stored at −40°C until viral testing. The clinical data for each patient were recorded, including sex, age, gastrointestinal symptoms, and laboratory test results.
L Laboratory methods
Rotavirus, adenovirus, norovirus and astrovirus w were detected in stool samples by specific commercial enzyme immunoassay (EIA) kits (Ridascreen®; R-Biopharm, Darmstadt, Germany). The assays for rotavirus, adenovirus and astrovirus were performed according to the manufacturer's instructions as follows: 100 μ t L of liquid stool or equivalent solid stool was suspended in 1 mL of the stool diluent. The sample diluent was mixed thoroughly and settled for 10 minutes before testing. Then, 100 μL of samples and controls were respectively added to microwell strips coated with monoclonal antibodies against these three viruses, and 100 μL of peroxidase-conjugated monoclonal ant tibody was added. The mixture was incubated at room temperature (20-25°r C) for 60 minutes. After five wash cycles with 300 μL wash buffer, 100 μL L of substrate were added to each well and incubated for 15 minutes in the dark. After this, the reaction was stopped by the addition of 50 μL stop reagent. The photometric measurements were made at wavelength of 450 nm. The measurev v ments of each negative control had to be less than 0.2 at 450 nm. The cut-off values were calculated from the measured extinction for the negative r control plus 0.15 extinction units. The kits for detection of rotavirus and adenovirus have a good sensitivity and specificity (100% and 88.8-98.6%, respectively, for rotavirus; 93.3% and 94.3-100%, respectively, for adenovirus). 17 The sensitivity and specificity for detection of astrovirus were 89.2% and 87.3%, respectively, compared with reverse transcription-polymerase chain reaction (RT-PCR), according to the product's instruction leaflet. The assay for norovirus was as follows: 200 μL of liquid stool or equivalent solid stool was suspended in 1 mL of the stool diluent. The sample diluent was centrifuged at 5000 rpm (approximately 2300-2500 g) for 5 minutes. Then, 100 μL of particle-free supernatant of suspension and controls were respectively added to microwell strips coated with monoclonal antibodies against noroviruses and incubated at room temperature (20-25°C) for 60 minutes. After five wash cycles w with 300 μL wash buffer, 100 μL of peroxidaseconjugated monoclonal antibody were added and incubated at room temperature for 30 minutes. A After another five wash cycles with 300 μL wash buffer, 100 μL of substrate were added to each w well and incubated for 15 minutes in the dark. Finally, 50 μL stop reagent were added, and photometric measurements at wavelength 450 nm w were made. The sensitivity and specificity for detection of norovirus were 95.0% and 95.2%, respectively, compared with RT-PCR (according to the product's instruction leaflet).
All stool samples were sent for bacterial culture simultaneously, including Salmonella species, Shigella species, and Campylobacter jejuni. Laboratory tests, including white blood count, C-reactive protein (CRP), stool occult blood, and stool pus cell, were performed at the standard central laboratory. Data on the monthly weather in Taipei, including mean temperature, precipitation and relative humidity, were provided by the Central W Weather Bureau.
Statistical analysis
Statistical software SPSS version 10.1.3C (SPSS Inc., Chicago, IL, USA) for Windows was used for recording data and analyzing results. Nonparametric Kruskal-Wallis analysis of variance, Mann-Whitney U test, and Fisher's exact test for categorical data were used as appropriate; p y value less than 0.05 was considered statistically significant.
Results
A total of 82 infants and children were enrolled during the study period. All stool samples were processed for four different viruses by EIA and bacterial culture. The male-to-female ratio was 1.83 (53/29). The median age was 31 months (ranged from 26 days to 165 months). Table 2 shows the number of patients with acute diarrhea and enteropathogens detected in their stool. Enteric viruses accounted for more than half (58.5%) of the total of 82 samples and were the most common pathogens in our study. f Enteric bacteria were detected in 17 (20.7%) of 82 cases. Twelve (14.6%) of 82 cases had a mixed infection. A total of 59 (71.9%) infants and children, including those with mixed infection, were screened out enteropathogens in fecal samples. Most (74.5%) of them were under 5 years of age (Table 3) . Of the 29 patients with rotavirus infection, 14 (48.2%) were less than 2 years old and 25 (86.2%) were less than 5 years old. The respective figures in the norovirus group were six (25%) and 17 (70.8%), and in the Salmonella group were four (25%) and 12 (75%). f The clinical features and laboratory data of patients affected with a single pathogen are summarized in Table 4 . The clinical features of the Salmonella r group were more severe than the other two agents in terms of duration of diarrhea, maximal body temperature, length of hospital stay, severity score and CRP value. In addition, the Salmonella group revealed a high ratio in positive stool pus cell and stool occult blood test. With regard to r clinical severity, rotavirus resulted in longer t hospital stay, higher rate of vomiting, stool occult blood, leukocytosis, and lower rate of stool pus cell and CRP elevation more than 5 mg/dL comy pared to norovirus. However, we did not find any statistically significant difference except in duration of hospital stay. In our study, mixed infections (including virus-virus and virus-bacteria) were detected in 14.6% (12/82) of patients. Norovirus was o o the most common pathogen found in mixed infection. Half (12/24) of norovirus infections were mixed infection (Table 5 ). No statistical difference in the severity of illness was noted between mixed infections and isolated pathogen infections.
The monthly distribution of cases with rotavirus and norovirus infection was plotted with reference to mean temperature, precipitation and relative humidity in the Taipei area (Figure) . We found that the peak incidence of both viruses was during cold and relatively lower precipitation weather, but w was not related to relative humidity. In addition, the norovirus group showed an earlier peak than the rotavirus group (November vs. December). During the winter (December to February), 72.7% (16/22) of 22 children admitted were affected with rotavirus and 31.8% (7/22) with norovirus. In contrast, in autumn (September to November), 13.8% (4/29) of 29 children were infected with rotavirus and 41.4% (12/29) with norovirus.
Discussion
We attempted to investigate the viral and bacterial etiology of pediatric acute diarrhea in northern Taiwan. In this study, rotavirus accounted for the most cases (35.4%) and most rotavirus infections occurred in children under 2 years of age. Norovirus (29.3%) was the second most common pathogen. In contrast to rotavirus, norovirus attacked children older than 2 years. A similar pattern t of age distribution has been described in a report from Finland. 18 Norovirus has been reported to result in a less severe illness than rotavirus. 19 Hence, the incidence of norovirus infection may be underestimated because milder cases may not be hospitalized in this study. According to the prevalence data in Taiwan from the detection of serum antibody of Norwalk virus in 1980, 5% of sera from the age of 3 months to 3 years were positive, and up to 15% and 24% from 3 years to 6 years, and from 6 years to 12 years, respectively, were positive. 20 On the basis of the above-mentioned and preliminary results of our study, norovirus-associated gastroenteritis is not at all rare in the pediatric population in Taiwan. Meanwhile, the age-related pattern of antibody acquisition suggests that it ought to play a major role in acute gastroenteritis in older children.
In clinical severity, Salmonella infection was more severe than the other main viral agents. Norovirus infection resulted in significantly shorter hospital stay compared with rotavirus. In addition, it also tended to result in a lower rate of vomiting, stool occult blood and leukocytosis, but a higher rate of stool pus cell and CRP elevation. It was easy to differentiate bacterial from v viral infection by clinical symptoms, but it was difficult to discriminate between rotavirus and norovirus without any laboratory tests. Rotavirus was still the most frequent viral pathogen in t winter. A similar finding was delineated in most previous reports in Taiwan. 5, 8, 9, 11, 12 Furthermore, a prominent seasonality was demonstrated in norovirus infection in this study. However, norovirus had an earlier peak time in incidence than that of rotavirus, and was more common than rotavirus in autumn (41.4% vs. 13.8%). Mounts et al reviewed 12 norovirus surveys conducted during a 21-year period in eight countries, and found a peak in winter in 10 of 12 surveys for both sporadic cases and outbreak-associated gastroenteritis. 21 It also tended to be related to cold and relatively low precipitation weather in this study. Nevertheless, a recent study in Jakarta, Indonesia reported that the seasonal distribution did not correlate with rainfall. 22 They demonstrated that rotavirus peaks in June and July and norovirus peaks in August and September. Therefore, the trend of seasonality of acute gastroenteritis associated with norovirus appeared to vary according to different geographic areas. Further prospective longitudinal surveillance is necessary to provide more reliable epidemiologic data, because the knowledge of seasonality of norovirus infection is an important clue for diagnosis. In Lin et al's study of enteric adenovirus infection in children in northern Taiwan, 76.6% of 64 cases were younger than 2 years.
14 However, very few cases of adenovirus and astrovirus infection w were found in this study. A negative result does not completely exclude astrovirus infection. It may be caused by an intermittent excretion of the v virus or a small quantity of antigen in the fecal sample. A more extensive study may be mandatory to investigate the true incidence.
In this study, we showed a portion of the possible etiologies of former undiagnosed acute gastroenteritis in hospitalized children. The high incidence of norovirus infection indicates that norovirus is an important viral etiology of pediatric acute gastroenteritis in Taiwan. At the same time, a nationwide surveillance system, including sporadic cases and outbreaks, should be considered as well.
